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(57) ABSTRACT 

The feature of the present invention consists in: a processor 
main circuit for executing program instruction strings on a 
processor chip; a substrate bias switching unit for switching 
voltages of substrate biases applied to a substrate of the 
processor main circuit; and an operation mode control unit 
for controlling, in response to the execution of an instruction 
to proceed to a stand-by mode in the processor main circuit, 
the substrate bias switching unit in such a way that the biases 
are switched over to voltages for the stand-by mode, and for 
controlling, in response to an interruption of the stand-by 
release from the outside, the substrate bias switching unit in 
such a way that the biases are switched over to voltages for 
a normal mode, and also for releasing, after the bias voltages 
switched thereto have been stabilized, the stand-by of the 
processor main circuit to restart the operation. 
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LOW POWER PROCESSOR 

TECHNICAL FIELD 

[0001] The present invention relates to a semiconductor 
integrated circuit device such as a processor, and more 
particularly to a microprocessor Which is capable of realiZ 
ing the high speed operation as Well as the loW poWer 
consumption by controlling substrate biases of a processor 
circuitry constituted by MOS transistors in accordance With 
an operation mode of the processor. 

[0002] At the present time, for realiZation of a micropro 
cessor, an integrated circuit employing CMOSs is Widely 
used. The poWer consumption of the CMOS circuit is 
classi?ed into the dynamic poWer consumption due to 
charge and discharge during the sWitching, and the static 
poWer consumption due to a leakage current. Out of them, 
since the dynamic poWer consumption is proportional to a 
poWer, source voltage Vdd squared and hence occupies the 
large poWer consumption, in order to promote the loW poWer 
consumption, it is effective to reduce the poWer source 
voltage. Then, in recent years, the poWer source voltages of 
many microprocessors have been reduced. 

[0003] As for the present loW poWer consumption type 
microprocessor, there is knoWn the microprocessor Which 
includes the poWer management mechanism and Which has 
a plurality of operation modes provided therein and in 
accordance thereWith, stops the supply of a clock to eXecu 
tion units during the stand-by. By stopping the clock supply, 
the dynamic poWer consumption due to the sWitching in the 
unnecessary units can be reduced as much as possible. 
HoWever, the static poWer consumption due to the leakage 
current can not be reduced and hence still remains. 

[0004] Since the operation speed of the CMOS circuit is 
decreased along With reduction of the poWer source voltage, 
in order to prevent the degradation of the operation speed, 
the threshold voltage of the MOS transistor needs to be 
reduced in conjunction With the reduction of the poWer 
supply voltage. HoWever, since if the threshold voltage is 
reduced, then the leakage current is remarkably increased, 
along With the reduction of the poWer source voltage, the 
increase of the static poWer consumption due to the leakage 
current Which Was not conventionally large so much 
becomes remarkable. For this reason, it becomes a problem 
to realiZe a microprocessor in Which the high speed is 
compatible With the loW poWer consumption. 

[0005] As for a method of solving the problem associated 
With both the operation speed and the leakage current of the 
MOS transistor circuit, a method Wherein the threshold 
voltage of the MOS transistor is controlled by setting 
variably the substrate biases is disclosed in JP-A-6-53496. 

[0006] The description Will hereinbeloW be given With 
respect to the device structure for use in setting variably the 
substrate biases With reference to FIG. 2. FIG. 2 shoWs a 
cross sectional vieW of a circuit having the CMOS structure. 
As shoWn in the ?gure, an n type Well 205 is formed in a part 
of a surface layer of a p type Well (p type substrate) 201, an 
n-channel MOS transistor consisting of an n+ type source/ 
drain region 202, a gate oXide ?lm 203 and a gate electrode 
204 is formed on a surface of the p type Well 201, and a 
p-channel MOS transistor consisting of a p+ type source/ 
drain region 206, a gate oXide ?lm 207 and a gate electrode 
208 is formed on a surface of the n type Well 205. 
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[0007] Normally, the source of the p-channel MOS tran 
sistor and the source of the n-channel MOS transistor are 
respectively connected to the poWer source voltage (here 
inafter, referred as Vdd) and the ground electric potential 
(hereinafter, referred as Vss), and the drains of the n-channel 
MOS transistor and the p-channel MOS transistor are con 
nected to the output signal. As for terminals through Which 
the substrate biases are given, Vbp 209 is provided in the n 
type Well 205 of the p-channel MOS transistor, and Vbn 210 
is provided in the p type Well 201 of the n-channel MOS 
transistor. 

[0008] While When employing the device as shoWn in 
FIG. 2, normally, Vbp 209 is connected to Vdd and Vbn 210 
is connected to Vss, during the non-operation of the circuits, 
these substrate biases are sWitched so that Vbp 209 is 
connected to the higher electric potential and Vbn 210 is 
connected to the loWer electric potential, Whereby the 
threshold voltages of the MOS transistors can be increased 
and hence the leakage current can be reduced. 

DISCLOSURE OF THE INVENTION 

[0009] In order to realiZe a microprocessor in Which the 
high speed operation is compatible With the loW poWer 
consumption, it is required that for the processor circuitry, 
the variable control of the substrate biases as described 
above is carried out, and during the operation of the pro 
cessor, the threshold voltages of the MOS transistors are 
decreased to maintain the high speed operation, While during 
the stand-by thereof, the threshold voltages are increased to 
reduce the leakage current. HoWever, in order to control 
variably the substrate biases of the processor, the timing of 
reactivating the processor in the proceeding of the operation 
mode of the processor When sWitching the substrate biases, 
in particular in the proceeding of the operation mode from 
the stand-by state to the operation state is accurately con 
trolled, Whereby the malfunction of the processor must be 
prevented. 
[0010] The present invention Was made in order to solve 
the above-mentioned problems, and it is therefore an object 
of the present invention to provide a high speed and loW 
poWer consumption processor by realiZing the above-men 
tioned substrate bias control, on a processor chip, Which is 
applied to the various operation modes of the processor. 

[0011] In order to solve the above-mentioned problems, a 
feature of the present invention is provided by providing: a 
processor main circuit for executing program instruction 
strings on a processor chip; a substrate bias sWitching unit 
for sWitching voltages of substrate biases applied to a 
substrate of the processor main circuit; and an operation 
mode control unit for controlling, in response to the eXecu 
tion of an instruction to proceed to a stand-by mode in the 
processor main circuit, the substrate bias sWitching unit in 
such a Way that the biases are sWitched over to voltages for 
the stand-by mode, and for controlling, in response to an 
interruption of the stand-by release from the outside, the 
substrate bias sWitching unit in such a Way that the biases are 
sWitched over to voltages for a normal mode, and also for 
releasing, after the bias voltages sWitched thereto have been 
stabiliZed, the stand-by of the processor main circuit to 
restart the operation. 

[0012] In addition, another feature of the processor 
according to the present invention is that a semiconductor 
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device of the processor chip has a triple Well structure, and 
also the processor main circuit is formed on a Well region 
different from those of the substrate bias switching unit and 
the operation mode control unit. 

[0013] In addition, still another-feature of the processor 
according to the present invention is that the operation mode 
control unit includes, as means for Waiting, before restarting 
the operation of the processor main circuit When sWitching 
the biases, until the bias voltages sWitched thereto are 
stabiliZed, either an on-chip timer for measuring a lapse of 
the time period required for stabiliZing the biases, or a sensor 
for detecting that the biases have been stabiliZed to prede 
terrnined voltages. 

[0014] In addition, yet another feature of the processor 
according to the present invention is provided by providing: 
the processor main circuit in Which the semiconductor 
device of the processor chip has a triple Well structure and 
is divided into a plurality of functional modules which are 
respectively formed on the different Wells; a substrate bias 
sWitching unit for sWitching the substrate biases to the 
substrate of the respective functional modules; a operation 
mode control unit for controlling, in response to execution 
to make stand-by one functional module or the plurality of 
functional modules in the processor main circuit, the sub 
strate bias sWitching unit in such a Way that the substrate 
biases of the one functional module or the plurality of 
functional modules are sWitched over to the voltages for the 
stand-by mode, and for controlling, When having received a 
signal to release the stand-by mode of the one functional 
module or the plurality of functional modules from the 
outside or the processor main circuit, the substrate bias 
sWitching unit in such a Way that the biases are sWitched 
over to the voltages for a normal mode, and also for 
informing, after the bias voltages sWitched thereto have been 
stabiliZed, the processor main circuit of that the stand-by of 
the one functional module or the plurality of functional 
rnodules has been released. 

[0015] In addition, a further feature of the processor 
according to the present invention is provided by providing: 
means for sWitching dynarnically the operation speed of the 
processor main circuit; and an operation mode control unit 
for controlling, in response to execution of an instruction to 
change the operation frequency in the processor rnain cir 
cuit, the substrate bias sWitching unit in such a Way that the 
substrate biases of the processor main circuit or the func 
tional modules are sWitched to voltages Which are suitable 
for the operation frequency thereof, and for informing, after 
the bias voltages sWitched thereto have been stabiliZed, the 
processor main circuit of that the sWitching of the operation 
speed has been completed. 

[0016] Further, an even further feature of the processor 
according to the present invention is that the substrate bias 
sWitching unit is constituted by a substrate bias generating 
circuit for generating therein the voltages of the substrate 
biases. 

[0017] In addition, the present invention also proposes a 
control method contributing to the promotion of the loW 
power consumption of the device. That is, since While the 
transistor having the loW threshold is operated at a high 
speed, the leakage current passing betWeen the source and 
the drain is large to increase the power consumption, it is 
important to prevent the large leakage current therebetWeen. 
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[0018] As for the construction therefor, there is provided 
a control method of controlling the power consumption of a 
semiconductor integrated circuit device including a plurality 
of element circuit blocks having transistors formed on a 
semiconductor substrate and being operated on the basis of 
a clock signal, Wherein a ?rst mode in Which all the element 
circuit blocks are operated on the basis of the clock signal, 
a second mode in Which the supply of the clock signal to at 
least one of the element circuit blocks is stopped, and a third 
mode in Which the supply of the clock signal to all the 
element circuit blocks is stopped and also substrate biases of 
at least part of the transistors formed on the semiconductor 
substrate are controlled to increase thresholds of the asso 
ciated transistors are sWitched to be used. 

[0019] A main circuit is, for example, a processor includ 
ing a CPU and the like. The ?rst mode is a mode Wherein the 
main circuit carries out the normal operation (cornputing, 
storage or the like). 

[0020] The second mode is a state in Which the supply of 
the clock to a part of the processor is stopped, and is called 
a sleep mode, a deep sleep mode or the like for example. By 
selecting the range in Which the clock is stopped, it is 
possible to promote the loW power consumption while 
maintaining only the necessary functions. 
[0021] The third mode is a mode Wherein the substrate 
biases are controlled for the circuits of the processor so as to 
increase the thresholds of the transistors constituting the 
circuits to reduce the power consumption due to the sub 
threshold leakage current, and is referred to as a stand-by 
mode or a hardWare stand-by mode for example. While the 
operation mode can be returned from the stand-by mode to 
the normal state by the interruption control, in the hardWare 
stand-by mode, the operation mode can be returned thereto 
by only the reset. In the third mode, the functions of the main 
circuit are stopped. 

[0022] As for the construction of the overall circuitry, the 
element circuit blocks are included in a ?rst circuit block, 
and the clock signal is formed from an oscillation circuit 
included in a second circuit block, and the clock signal and 
the information signals Which are to be processed in the ?rst 
circuit block are inputted from the second circuit block to the 
?rst circuit block. In addition to the oscillation circuit, an I/O 
circuit, and a control circuit for controlling the substrate 
biases are included in the second circuit block. Normally, the 
high speed operation is not required for the second circuit 
block so much as for the ?rst circuit block. Then, it is 
desirable that the thresholds of the transistors constituting 
the second circuit block are larger than those of the transis 
tors constituting the ?rst circuit block and also the operation 
voltages of the former are higher than those of the latter. In 
addition, the transistors constituting the main circuit of the 
?rst circuit block are formed on the Well different from those 
of other circuits, Whereby the in?uence of other circuits 
thereupon can be reduced. 

[0023] When the operation voltages of the ?rst circuit 
block are different from those of the second circuit block, 
level conversion circuits are required to be provided 
betWeen the ?rst and second circuit blocks. For example, in 
order to carry out the conversion of the signal level, a 
level-doWn circuit is provided in the ?rst circuit block, While 
a level-up circuit is provided in the second circuit block. 

[0024] Since in the present invention, by sWitching the 
mode of the interest over to another mode, the substrate bias 
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voltages are dynamically switched, in order to ensure the 
reliability, the operation sequence thereof is important. 

[0025] When switching the operation mode from the ?rst 
or second mode to the third mode, ?rstly, the clock signal 
Which is inputted from the second circuit block to the ?rst 
circuit block, and the information signals Which are inputted 
to the ?rst circuit block in order to be processed therein are 
stopped, and next, the substrate biases of at least part of the 
transistors formed on the semiconductor substrate are con 
trolled to increase the thresholds of the associated transis 
tors. As a result, the input to the ?rst circuit block in the state 
in Which the operation of the ?rst circuit block is unstable 
can be blocked and also the malfunction of the ?rst circuit 
block can be prevented. 

[0026] For this operation, the procedure may be adopted in 
Which after the signal inputs to the ?rst circuit block are 
stopped and the device Waits for a predetermined time 
period (e.g., 60 psec. or so) through a timer or the like, the 
substrate biases are controlled. The timer for Waiting is 
provided in the outside of the ?rst circuit block, e.g., either 
in the second circuit block or in the outside of the device. 

[0027] In addition, When sWitching the operation mode 
from the third mode (stand-by mode) to the ?rst mode, the 
substrate biases of at least part of the transistors formed on 
the semiconductor substrate are controlled to decrease the 
thresholds of the associated transistors, and next, the input of 
the above-mentioned clock signal Which is inputted from the 
second circuit block to the ?rst circuit block and the infor 
mation signals Which are to be processed in the ?rst circuit 
block is started. That is, in order to prevent the malfunction 
of the ?rst circuit block, after the substrate voltages of the 
?rst circuit block have been stabiliZed, the input of the 
signals is started. 

[0028] For this reason, When sWitching the operation 
mode from the third mode to the ?rst mode, after the 
substrate biases of the ?rst circuit block are controlled to 
decrease the thresholds of the associated transistors and the 
device Waits for a predetermined time period by the timer so 
that the operation is stabiliZed, the input of the clock signal 
Which is to be inputted to the ?rst circuit block and other 
signals is started. 

[0029] Another method is such that after the state of the 
thresholds of the transistors have been con?rmed by a 
voltage monitor or the like, the signal input to the ?rst circuit 
block is started. Or, on the basis of the state of a substrate 
bias generating circuit for controlling the substrate voltages, 
in accordance With the signal Which is outputted from the 
substrate bias generating circuit in order to report the 
stand-by release, the input of the clock signal and other 
signals Which are to be inputted to the ?rst circuit block is 
started. 

[0030] As for a method of stopping the information signals 
and the clock signal to the ?rst circuit block, it is considered 
that the signal levels are ?xed by an output ?xing circuit 
(level holding circuit) provided in the second circuit block. 
In the ?rst mode, While the signals are inputted to the 
level-doWn circuit through the output ?xing circuit, in the 
third mode, the inputs to the level-doWn circuit are ?xed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] FIG. 1 is a block diagram of a processor chip in a 
?rst embodiment of the present invention; 
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[0032] FIG. 2 is a cross sectional vieW shoWing a general 
device structure for use in substrate bias control; 

[0033] FIG. 3 is a cross sectional vieW shoWing a device 
structure in the ?rst embodiment of the present invention; 

[0034] FIG. 4 is a How chart useful in explaining the 
operation in the ?rst embodiment of the present invention; 

[0035] FIG. 5 is a block diagram of a processor chip in a 
second embodiment of the present invention; 

[0036] FIG. 6 is a block diagram of a processor chip in a 
third embodiment of the present invention; 

[0037] FIG. 7 is a block diagram of a processor chip in a 
fourth embodiment of the present invention; 

[0038] FIG. 8 is a block diagram of a processor chip in a 
?fth embodiment of the present invention; 

[0039] FIG. 9 is a vieW useful in explaining the relation 
betWeen the operation modes and the substrate bias control 
of the present invention; 

[0040] FIG. 10 is a vieW useful in explaining a con?gu 
ration of a processor main circuit of the present invention; 

[0041] FIG. 11 is a vieW useful in explaining loW poWer 
consumption modes of the present invention; 

[0042] FIG. 12 is a vieW useful in explaining a sleep mode 
and a deep sleep mode of the present invention; 

[0043] FIG. 13 is a transition diagram of the operation 
modes of the present invention; 

[0044] FIG. 14 is a ?rst structural vieW shoWing a con 
?guration of the processor chip and a poWer source control 
circuit of the present invention; 

[0045] FIG. 15 is a vieW useful in explaining a sequence 
of exchanging a poWer source of the present invention; 

[0046] FIG. 16 is a second structural vieW shoWing a 
con?guration of the processor chip and the poWer source 
control circuit of the present invention; 

[0047] FIG. 17 is a vieW useful in explaining a sequence 
of RTC poWer source back-up of the present invention; 

[0048] FIG. 18 is a vieW useful in explaining a sequence 
until return by interruption from the loW poWer consumption 
mode of the present invention; and 

[0049] FIG. 19 is a vieW useful in explaining a sequence 
until return by reset from the loW poWer consumption mode 
of the present invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0050] Embodiments of the present invention Will herein 
after be described With reference to the accompanying 
draWings. 
[0051] FIG. 1 is a block diagram shoWing an example of 
a con?guration of a processor chip for realiZing a ?rst 
embodiment of the present invention. In FIG. 1, a processor 
chip 101 is an LSI having a circuit of a CMOS structure, and 
includes a processor main circuit 102, an operation mode 
control unit 103, and a substrate bias sWitching unit 104. To 
the substrate bias sWitching unit 104, voltages Vdd and Vss 
in the normal mode, and voltages Vddb and Vssb in the 
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stand-by mode are inputted through a signal 110. In accor 
dance With a signal 107 outputted by the operation mode 
control unit, the substrate bias sWitching unit 104 selects, as 
the substrate bias for a p-channel MOS transistor constitut 
ing the processor main circuit 102, betWeen Vdd and Vddb 
to output the selected one to a signal Vbp 111, and also 
selects, as the substrate bias for an n-channel MOS transis 
tor, betWeen Vss and Vssb to output the selected one to a 
signal Vbn 112. As for the voltage values for the substrate 
bias selection, for eXample, Vdd=1.5V, Vddb=3.0V, Vss= 
0.0V and Vssb=—1.5V. 

[0052] Incidentally, as Will be described later, a Well 302 
on Which the processor main circuit 102 is formed is formed 
separately, independently of Wells on Which the substrate 
bias sWitching unit 104 and the operation mode control unit 
are respectively formed. 

[0053] FIG. 3 is a cross sectional vieW shoWing a device 
structure of the processor chip 101. Apoint of difference of 
FIG. 3 from FIG. 2 is that a p type Well 302 is formed in 
an n type substrate 301 and the n type Well 205 is formed in 
a part of the surface layer of the p type Well 302, i.e., the 
device has a triple Well structure. An n-channel MOS 
transistor is formed on the surface of the p type Well 302 and 
a p-channel MOS transistor is formed on the surface of the 
n type Well 205, thereby to constitute a CMOS circuit. In 
addition, a point that as for terminals through Which the 
substrate biases are given, Vbp 209 is provided in the n type 
Well 205 of the p-channel MOS transistor and Vbn 210 is 
provided in the p type Well 302 of the n-channel MOS 
transistor is the same as in FIG. 2. In the present embodi 
ment, the processor main circuit 102 is formed in the p type 
Well 302 different from those of the operation mode control 
unit 103 and the substrate bias sWitching unit 104. As a 
result, the substrate bias control in?uences only the proces 
sor main circuit 102, and hence both the operation mode 
control unit 103 and the substrate bias sWitching unit 104 
can avoid that in?uence. 

[0054] The description Will hereinbeloW be given With 
respect to the operation of the processor chip 101 in the 
present embodiment With reference to FIG. 4. The operation 
modes of the processor main circuit 102 are classi?ed into 
the normal mode in Which the normal instruction execution 
is carried out, and the stand-by mode in Which the instruc 
tion eXecution is not carried out. FIG. 4 is a How chart 
shoWing the processing on the processor chip 101 in the case 
Where the operation mode of the processor main circuit 102 
is changed from the normal mode to the stand-by mode and 
then is changed from the stand-by mode to the normal mode. 

[0055] Firstly, the processor main circuit 102 is operated 
in the normal mode. At this time, the sub-strate bias sWitch 
ing unit 104 selects Vdd and Vss for the substrate biases Vbp 
111 and Vbn 112, respectively. For the voltage values of the 
substrate biases in the normal mode in this eXample, Vbp= 
1.5V and Vbn=0V (Step 401). 

[0056] After the processor main circuit 102 outputs, after 
having eXecuted the sleep instruction, “stand-by request” to 
the signal 105 and then informs the operation mode control 
unit 103 of this fact, the processor main circuit 102 stops the 
operation of eXecuting the instruction and then proceeds to 
the stand-by mode (Step 402). 
[0057] After having received the signal 105 from the 
processor main circuit, the operation mode control unit 103 
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outputs the signal 107 in order for the substrate biases of the 
processor main circuit 102 to be sWitched over to the 
voltages for the stand-by mode. Then, in response to the 
signal 107, the substrate bias sWitching unit 104 selects 
Vddb and Vssb, out of the input voltages 110, for the 
substrate biases Vbp 111 and Vbn 112, respectively, to 
output Vddb and Vssb (Steps 403 and 404). In this eXample, 
for the voltage values of the substrate biases in the stand-by 
mode, Vbp=3.0V and Vbn=—1.5V. 

[0058] When the operation mode control unit 103 detects 
that When the processor main circuit 102 is in the stand-by 
state, “stand-by release interruption” is asserted from the 
outside to a signal 108 (Step 405), the unit 103 outputs the 
signal 107 in order for the substrate biases of the processor 
main circuit 102 to be sWitched over to the voltages for the 
normal mode. Then, in response to the signal 107, the 
substrate bias sWitching unit 104 sWitches the substrate 
biases Vbp 111 and Vbn 112 over to Vdd (1.5V) and Vss 
(0.0V), respectively (Step 406). 
[0059] Since there is the possibility that a lapse of some 
time period is required until the biases are stabiliZed after 
having sWitched the substrate biases, if the operation of the 
processor main circuit 102 is immediately restarted, then the 
malfunction may occur. In order to avoid this possibility, 
before sWitching the operation mode of the processor main 
circuit 102, the operation mode control unit 103 sets a 
suf?cient time period required for stabiliZation of the sub 
strate bias voltages sWitched thereto in an on-chip timer 109 
and then restarts the processor main circuit 102 (Step 407) 
and then Waits until time-out (Step 408). Then, after time 
out, the operation mode control unit 103 outputs “stand-by 
release” to the signal 106 and then informs the processor 
main circuit 102 of this fact. In response to the signal 106, 
the processor main circuit 102 proceeds to the normal mode 
and restarts the operation of executing an instruction (Step 
409). 
[0060] In such a Way as described above, the substrate 
biases Vbp 111 and Vbn 112 of the processor main circuit 
102 are controlled such that during the operation, the thresh 
old voltages of the MOS transistors constituting the proces 
sor main circuit are decreased to cope With the high speed 
operation, While during the stand-by, the threshold voltages 
thereof are increased to able to reduce the leakage current. 

[0061] FIG. 5 is a block diagram shoWing a con?guration 
of the processor chip in a second embodiment of the present 
invention. In the present embodiment, the operation mode 
control unit 103 includes a sensor 501 for detecting the bias 
voltages Which are applied to the substrate of the processor 
main circuit 102. When the operation mode of the processor 
main circuit 102 is changed from the normal mode to the 
stand-by mode, the processing procedure in the above 
mentioned ?rst embodiment is applied to the present 
embodiment. On the other hand, When the operation mode of 
the processor main circuit 102 is changed from the stand-by 
mode to the normal mode, similarly to the above-mentioned 
embodiment, after the operation mode control unit 103 has 
controlled the substrate bias sWitching unit 104 so as to 
sWitch the substrate biases to the voltages for the normal 
mode, the unit 103 Waits until the sensor 501 outputs the 
signal relating to the fact that the voltages of the substrate 
biases sWitched thereto are stabiliZed to the predetermined 
values, i.e., Vbp=1.5V and Vbn=0.0V in the present embodi 






















